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Abstract
All-solid-state Li-ion batteries with metallic Li anodes and solid electrolytes could offer superior energy
density and safety over conventional Li-ion batteries. However, compared with organic liquid electrolytes, the
low conductivity of solid electrolytes and large electrolyte/electrode interfacial resistance impede their
practical application. Garnet-type Li-ion conducting oxides are among the most promising electrolytes for all-
solid-state Li-ion batteries. In this work, the large-radius Rb is doped at the La site of cubic
Li6.10Ga0.30La3Zr2O12 to enhance the Li-ion conductivity for the first time. The
Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte exhibits a Li-ion conductivity of 1.62 mS cm-1 at room
temperature, which is the highest conductivity reported until now. All-solid-state Li-ion batteries are
constructed from the electrolyte, metallic Li anode, and LiFePO4 active cathode. The addition of
Li(CF3SO2)2N electrolytic salt in the cathode effectively reduces the interfacial resistance, allowing for a
high initial discharge capacity of 152 mAh g-1 and good cycling stability with 110 mAh g-1 retained after 20
cycles at a charge/discharge rate of 0.05 C at 60 °C.
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All-solid-state Li-ion batteries with metallic Li anodes and solid electrolytes could 
offer superior energy density and safety over conventional Li-ion batteries. However, 
compared with organic liquid electrolytes, the low conductivity of solid electrolytes 
and large electrolyte/electrode interfacial resistance impede their practical application. 
Garnet-type Li-ion conducting oxides are amongst the most promising electrolytes for 
all-solid-state Li-ion batteries. In this work, the large radius Rb is doped at the La site 
of cubic Li6.10Ga0.30La3Zr2O12 to enhance the Li-ion conductivity for the first time. 
The Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte exhibits a Li-ion conductivity of 1.62 mS 
cm
-1
 at room temperature, which is the highest conductivity reported until now. 
All-solid-state Li-ion batteries are constructed from the electrolyte, metallic Li anode 
and LiFePO4 active cathode. The addition of Li(CF3SO2)2N electrolytic salt in the 
cathode effectively reduces the interfacial resistance, allowing for a high initial 
discharge capacity of 152 mAh g
-1
 and good cycling stability with 110 mAh g
-1
 
retained after 20 cycles at a charge/discharge rate of 0.05 C at 60 °C.  
 






All-solid-state Li-ion batteries based on solid electrolytes offer the possibility to 
solve safety issues of traditional Li-ion batteries arising from the leakage of 
flammable organic liquid electrolytes. Therefore, intensive efforts are being enforced 
to advance all-solid-state batteries towards a safe and stable power source.
1,2
 
Applications requiring power sources operating at high temperature and pressure in 
military, space exploration, mineral and fossil fuel exploitation, are particularly 
important; all-solid-state Li-ion batteries are considered as currently the best choice.
3
 
Moreover, all-solid-state Li-ion batteries utilizing high voltage electrode and metallic 
Li with the highest specific capacity (3860 mAh g
-1
) and the lowest negative 
electrochemical potential (~3.04 V vs. the standard hydrogen electrode), widen the 
operating voltage window and maximize the capacity density, therefore, enhance the 
energy density.
4,5
 However, compared with organic liquid electrolytes, the low Li-ion 
conductivity of solid electrolytes and large electrolyte/electrode interfacial resistance 
largely hamper the practical applications of all-solid-state Li-ion batteries.
6-8
 
Several inorganic solid electrolytes have been proposed for use in all-solid-state 






 The highest Li-ion 
conductivity of ~10 mS cm
-1
 was achieved in sulfide-type electrolytes,
9-11
 however, 
sulfides are unstable against metallic Li and can produce poisonous H2S if exposed to 
moisture.
16
 Nitride-type electrolytes are stable against metallic Li only in a narrow 
electrochemical window below 2 V, beyond which they decompose or form an 
insulating layer.
12
 Among the oxide electrolytes, NASICON (sodium superionic 
conductor) and perovskite electrolytes are also unstable against metallic Li.
14,15
 





), high chemical stability against metallic Li, and high 
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electrochemical window above 5 V;
13
 therefore, it is one of the most promising solid 
electrolytes for all-solid-state Li-ion batteries. Murugan et al. first fabricated and 
characterized LLZO,
13
 and cubic and tetragonal phases were found.
17
 Cubic LLZO 
exhibits a Li-ion conductivity that is two orders of magnitude higher than that of 
tetragonal LLZO,
17
 since the structure greatly affects the Li-ion distribution and 
subsequent migration pathway.
18
 The tetrahedral modification possesses an ordered 
Li-ion distribution, in contrast to the disordered distribution in the cubic phase, with 
the latter arising from the presence of vacancies. Pure LLZO is tetragonal at room 




























Doping leads to Li-ion deficiency, and the disordered Li sublattice, hence stabilizing 
the cubic phase. In contrast to supervalent doping, low valent doping leads to excess 




with larger radius cations, such as Sr
2+ 
(low valent doping), may enhance 
conductivity,
30,31
 although there has been little supporting evidence for this. 
The electrolyte/electrode interfacial resistance also plays an important role in 
determining the performance of all-solid-state Li-ion batteries, and in solid-state thin 
film Li-ion batteries the interfacial resistance can be decreased.
32-34
 However, such a 
configuration limits capacity owing to the small quantity of electrode loaded in the 
film. Bulk synthesis techniques are considered promising for improving the capacity, 
which could lead to the high energy batteries. Hu et al.
35
 demonstrated that coating an 
ultrathin layer of Al2O3 onto a garnet-type solid electrolyte (Nb and Ca codoped 





 proposed a simple yet effective method to construct high performance 
all-solid-state Li-ion batteries through the use of polymer electrolytes, such as 
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Li(CF3SO2)2N in poly(vinylidene fluoride)
36 
or LiCF3SO3 in poly(ethylene oxide) in 
the electrode,
37
 which improves the Li-ion transportation and diffusion at the 
electrolyte/electrode interface and reduces the resistance. 
In this work, we dope the relatively large radius cation Rb
+
 at the La
3+
 site in cubic 
Li6.10Ga0.30La3Zr2O12 to improve the Li-ion conductivity. This strategic doping leads 
to the highest ionic conductivity of 1.62 mS cm
-1
 at room temperature, and 4.56 mS 
cm
-1
 at 60 °C. All-solid-state Li-ion batteries were constructed from the 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte, metallic Li anode and LiFePO4 active 
cathode. To reduce the electrolyte/cathode interfacial resistance, Li(CF3SO2)2N 
electrolytic salt was added into the cathode; adding Li(CF3SO2)2N electrolytic salt in 
the cathode can promote the Li-ion transportation and diffusion at the 
electrolyte/cathode interface. Benefiting from the high Li-ion conductivity of the 
LLZO solid electrolyte and the improved garnet/cathode interface, the fabricated 
all-solid-state Li-ion batteries exhibit good electrochemical performances. 
 
2. Experimental 
2.1 Preparation of solid electrolytes  
Li6.10+2yGa0.30La3-yRbyZr2O12 (y = 0.05, 0.10, 0.15, and 0.20) ceramic samples were 
fabricated through a solid-state reaction using Li2CO3, Rb2CO3, La2O3, ZrO2, and 
Ga2O3 powders, with 10 mol.% excess Li2CO3 used for compensating Li volatilization 
in high temperature calcination processes. The mixed powders were firstly ball-milled 
for 15 h with isopropanol and calcined at 900 °C for 6 h in air, followed by another 15 
h's ball-milling. Ceramic pellets were obtained by cold isostatic pressing the powders 
at 250 MPa and sintering at 1100 °C for 24 h in air. To avoid Al
3+
 incorporation 
caused by the alumina crucible, we put LLZO pellets with the same composition 
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between the crucible and the samples during the sintering process. Moreover, mother 
powders were used to cover the samples to decrease Li loss. Finally, the obtained 
ceramic pellets were polished to ~1 mm thickness and cut into disks with a diameter 
of 12 mm. Then they were stored in an Ar filled glovebox (O2 < 0.1 ppm and H2O < 
0.1 ppm) for later use.  
2.2 Composition and structure analyses  
The crystalline phase of the samples were analyzed by X-ray diffraction (XRD) 
using a XRD-7000S (Japan Shimadzu Corporation). The relative densities of the 
samples were measured by the Archimedes method using water. Neutron powder 
diffraction (NPD) was conducted on the samples using the high-resolution neutron 
powder diffractometer (ECHIDNA) at the Australian Nuclear Science and Technology 
Organisation  (ANSTO).
38
 The neutron beam wavelength was determined to be 
0.162172(5) nm using the La
11
B6 NIST standard reference material (SRM) 660b. 
GSAS-II was used for structural refinements.
39
 A field emission scanning electron 
microscope (FE-SEM, Sirion 200, Holland FEI Corporation) equipped with an energy 
dispersive X-ray detector (EDX) was used to investigate the microstructure and 
elemental distribution within the samples.  
2.3 Conductivity measurements 
Alternating current (AC) impedance measurements were undertaken using a 
Solartron 1260 impedance and gain-phase analyzer in the frequency range of 1 to 5 × 
10
6
 Hz at an amplitude of 50 mV at temperatures from 60 to 60 °C in an 
environmental test chamber. Li-ion blocking Ag electrodes were used for the tests. 
The sample was kept at the desired temperature for an hour before each measurement. 
The electronic conductivity was determined by the DC polarization method using an 
electrochemical station under an applied DC voltage of 0.1 V. 
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2.4 Fabrication of all-solid-state Li-ion batteries  
The fabrication of all-solid-state Li-ion batteries was carried out in an Ar filled 
glovebox. One electrode was fabricated by mixing carbon-coated LiFePO4 powder 
(Hefei Kejing Materials Technology CO.), Ketjen black, poly(vinylidene fluoride) 
(PVDF), Li(CF3SO2)2N (LiTFSI) and N-methyl-2 pyrrolidon (NMP) in an agate 
mortar with a mass ratio of 7.5:1.5:1:6:150. The obtained slurry was coated on one 
side of the electrolyte pellet. After being pressed with a stainless steel plate, the solid 
electrolyte with electrode coating was dried in a vacuum oven at 80 °C for 12 h to 
remove NMP and trace moisture. The loading mass of the electrode was ~ 2.2 mg. 
Afterwards, lithium metal was attached on the other side of the electrolyte pellet by a 
10 N pressure after removing the oxide layer. Finally, a laminated all-solid-state 
battery was assembled into a coin cell for electrochemical tests. 
2.5 Electrochemical measurements 
Galvanostatic charge and discharge performances of LFPO/doped-LLZO/Li 
all-solid-state batteries were investigated using a LANHE CT2001A charge/discharge 
system (Wuhan LAND Electronics Co.) in the potential range of 4.0 to 2.8 V at 60 °C. 
Before the charge/discharge, the battery was heated at 100 °C for 3 h and then at 
60 °C for 24 h to increase adhesion between the metallic Li and electrolyte. The 
current density is normalized to the mass of LiFePO4, i.e. 1 C being 170 mA g
-1
. 
Moreover, Li/doped-LLZO/Li batteries were also assembled, and the DC cycling 




3. Results and Discussion 
Cubic Li6.10+2yGa0.30La3-yRbyZr2O12 garnets were prepared following the preparation 
method presented in Figure 1a. A ceramic pellet and the cubic garnet crystal structure 
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are shown in Figure 1b and c, respectively. The Rb doping facilitates the densification 
of the garnet at a relatively low sintering temperature. More importantly, the larger 
ionic radius of Rb
+ 
(0.148 nm), compared with that of La
3+ 
(0.106 nm), offers the 
possibility to enlarge migration pathway for Li ions (Figure 1d).
30,31
 
The garnet structure was confirmed by X-ray diffraction (XRD) analysis as shown 
in Figure 2a. Data for Li6.10Ga0.30La3Zr2O12 (y = 0), Li6.20Ga0.30La2.95Rb0.05Zr2O12 (y = 
0.05), and Li6.30Ga0.30La2.90Rb0.10Zr2O12 (y = 0.10) are all indexed to the cubic phase. 
In addition to the cubic phase, XRD data for Li6.40Ga0.30La2.85Rb0.15Zr2O12 (y = 0.15) 
and Li6.50Ga0.30La2.80Rb0.20Zr2O12 (y = 0.20) exhibit peaks characteristic of an impurity 
phase Li2ZrO3. 
Neutron powder diffraction (NPD) was employed to investigate the substitution of 
Rb
+
 at the La site in Li6.10Ga0.30La3Zr2O12. Rietveld refinement of structural models 
from Wang et al.
40
 and Chen et al.
41
 against the NDP data were performed with the 
results shown in Figure 2b and c, and corresponding structural parameters are 
summarized in Table 1. Li occupies 24d (tetrahedral) and 96h (octahedral) sites 
(Figure 1c), with 96h sites deviating from the octahedral center (48g), Ga occupies Li 
(24d) sites,
26
 and Rb is at the La-site; such a structure is consistent with the theoretical 
prediction of Miara et al.
42
 
The microstructure of Li6.10+2yGa0.30La3-yRbyZr2O12 samples with different Rb 
contents are presented in Figure 3. All samples exhibit high densification, being 
consistent with the relative densities measured by the Archimedes method in Table 2. 
Energy dispersive X-ray spectroscopy (EDS) mapping of the 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 sample shown in Figure 3 reveals that Ga, La, Rb, Zr, 
and O are homogeneously distributed. 
Electrochemical impedance spectroscopy (EIS) was used to determine the 
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conductivity. Figure 4a shows impedance spectra of the Li6.10+2yGa0.30La3-yRbyZr2O12 
samples at 25 °C. All spectra exhibit a semi-circle at high to medium frequencies and 
an almost vertical line at low frequencies. The semi-circle diameter represents the 
total (bulk and grain boundary) resistance of the sample, and the vertical line can be 
attributed to the Li-ion transfer resistance between the electrolyte and the Ag 
electrode.
13
 It can be seen that the Li6.20Ga0.30La2.95Rb0.05Zr2O12 sample shows the 
smallest semi-circle diameter, and therefore the lowest total resistance. The total 
conductivity (σtotal) of the samples calculated from the EIS measurements at 25 °C are 
given in Table 2. The σtotal of Li6.20Ga0.30La2.95Rb0.05Zr2O12 reaches 1.62 mS cm
-1
, 
which is the highest conductivity amongst all LLZO electrolytes reported in literatures, 
and even higher than the samples prepared by hot-pressing and sparking plasma 
sintering (Table 3).
19,26,29,36,43,44
 With increasing Rb content from 0 to 0.20 per formula 
unit, the conductivity increases from 1.12 to 1.62 mS cm
-1
, then decreases to 1.04 mS 
cm
-1
. The conductivity increase maybe correlated with a structural change upon Rb 
doping (Figure 1d) and a higher Li
+
 concentration, while the conductivity decrease at 
higher Rb contents is due to the presence of the low conductive Li2ZrO3 phase and a 
decrease of available vacancies. We also measured EIS data for 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 at different temperatures (Figure 4b). At 60 °C, the 
spectrum exhibits a large semi-circle, and on increasing temperature to 60 °C, the 
semi-circle gradually reduces and disappears, with σtotal for the 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 sample reaching 4.56 mS cm
-1
 at 60 °C. 
The Arrhenius plots of Li6.10+2yGa0.30La3-yRbyZr2O12 are presented in Figure 4c, 
with calculated activation energies (Ea) given in Table 2. The activation energy Ea is 
low, in the range of 0.25 to 0.28 eV; a low activation energy for the Li-ion conduction 
plays an important role in the high performance of all-solid-state Li-ion batteries over 
10 
 
a wide temperature range. 
An ideal solid electrolyte should be a pure ionic conductor, since the electronic 
conduction causes short-circuit in the battery. To determine the electronic conductivity, 
direct current (DC) polarization method was employed, and the results are 





about 4 orders of magnitude lower than the total conductivity, demonstrating that the 
electronic conduction can be ignored, and that the transference number of Li
+
 ions in 
the Li6.10+2yGa0.30La3-yRbyZr2O12 electrolytes is approximately unity. 
To derive information on the Li-ion conduction in doped-LLZO electrolytes, 
complex modulus formalism was employed, where the complex electric modulus (M*) 
is related to the complex impedance (Z*) through the relationship: M*(ω) = iωC0Z* = 
M′(ω) + iM″(ω), where C0 is the geometrical capacitance, M΄ is the real part of the 
modulus, and M″ the imaginary part. Figure 5a and b show the relationship of M″ with 
frequency for Li6.20Ga0.30La2.95Rb0.05Zr2O12 and Li6.30Ga0.30La2.90Rb0.10Zr2O12 at 
different temperatures. The arising of peaks in the modulus spectra is a signal for the 
conductivity relaxation; Li ions hop over long distances at the frequencies below the 
peak frequencies (fmax), however, at frequencies above fmax, Li ions travel over short 
distances.
45,46
 The value of fmax also shows an Arrhenius-type temperature dependence 
(Figure 5c). The activation energies, as determined from Figure 5c for 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 and Li6.30Ga0.30La2.90Rb0.10Zr2O12, are 0.25 and 0.28 eV, 
respectively, which are close to those deduced from the conductivity data (0.26 eV, 
Figure 4c), therefore, the ionic conduction originates from the long distance hopping 
of Li ions (Figure 1e).
45,46
 
All-solid-state Li-ion batteries were constructed from the solid electrolyte with the 
highest conductivity, Li6.20Ga0.30La2.95Rb0.05Zr2O12. Firstly, symmetric 
11 
 
Li/Li6.20Ga0.30La2.95Rb0.05Zr2O12/Li batteries were constructed to check the stability of 
the Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte against metallic Li dendrites. Figure 6a 
shows the DC charge/discharge cycling performance of the battery at a current density 
of 5 μA cm
-2
 at 60 °C. It can be seen that the battery voltage stabilizes, indicating that 
the Li/Li6.20Ga0.30La2.95Rb0.05Zr2O12/Li battery does not get short-circuited and that 
penetrable Li dendrites are not formed.
47
 Voltage drops are observed in the first 
several circles, which may arise from the formation of a Li film on the 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 surface during the Li plating/stripping process. 
Therefore, the Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte is stable with metallic Li.  
All-solid-state Li-ion batteries were also constructed from 
Li6.20Ga0.30La2.95Rb0.05Zr2O12, metallic Li and LiFePO4 active electrodes. To reduce 
the electrolyte/electrode interfacial resistance, Li(CF3SO2)2N electrolytic salt was 
added into the cathode. The battery structure is shown in Figure 6b. The all-solid-state 
Li-ion battery underwent long charge/discharge cycling testing between 2.8 and 4.0 V 
at 0.05 C at 60 °C, with results being given in Figure 6c. It is clear that in the first 
charge/discharge cycle, the charge and discharge plateau change significantly as a 
result of polarization, which improves in subsequent cycles. The Li(CF3SO2)2N 
electrolytic salt with PVDF, serving as a Li-ion conducting medium in the cathode, 
can improve Li-ion transportation and diffusion at the electrolyte/electrode interface, 
decreasing interfacial resistance (Figure 6d) and contributing to the better 
electrochemical performance.
36,37
 The battery delivers a specific capacity of 152 mAh 
g
-1
 in the first cycle, which reaches 88% of the theoretical capacity of LiFePO4, and 
the battery maintains a specific capacity of 110 mAh g
-1
 after 20 cycles. The capacity 
decrease can be attributed to the unstable contact between the electrodes and the 
electrolyte after several cycles. Despite this, compared with the other all-solid-state 
12 
 
Li-ion batteries based on garnet electrolytes (Table 3),
36,48-54 
the battery constructed 




Cubic Li6.10+2yGa0.30La3-yRbyZr2O12 garnets (y ≤ 0.10 Rb per formula unit) were 
successfully synthesized by substituting Rb at the La site of Li6.10Ga0.30La3Zr2O12. The 
doping leads to a Li-ion conductivity of 1.62 mS cm
-1
 at room temperature and 4.56 
mS cm
-1
 at 60 °C for Li6.20Ga0.30La2.95Rb0.05Zr2O12. However, with increasing Rb
 
content (y ≥ 0.15 Rb per formula unit), the low conductive impurity phase Li2ZrO3 is 
generated, which decreases the Li-ion conductivity. Importantly, the 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte exhibits a good stability against metallic Li, 
and bulk-type all-solid-state Li-ion batteries, constructed from 
Li6.20Ga0.30La2.95Rb0.05Zr2O12, metallic Li and LiFePO4 with the addition of 
Li(CF3SO2)2N electrolytic salt, exhibit good electrochemical performances, including 
a high initial discharge capacity of 152 mAh g
-1
 with good capacity retention of 110 
mAh g
-1
 after 20 charge/discharge cycles. Therefore, the Li6.20Ga0.30La2.95Rb0.05Zr2O12 
garnet is a promising solid electrolyte for all-solid-state Li-ion batteries. 
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Li6.10Ga0.30La3Zr2O12 1.29746(9) 3.36 1.46 
Li1(24d) 0.34(2) 3/8 0 1/4 0.009(1) 
Li2(96h) 0.33(1) 0.100(1) 0.191(1) 0.421(1) 0.009(1) 
Ga(24d) 0.1 3/8 0 1/4 0.009(1) 
La(24c) 1 1/8 0 1/4 0.009(1) 
Zr(16a) 1 0 0 0 0.009(1) 
O(96h) 1 0.1004(1) 0.1954(1) 0.2816(1) 0.009(1) 
Li6.30Ga0.30La2.90Rb0.10Zr2O12 1.29653(5) 3.48 1.38 
Li1(24d) 0.52(3) 3/8 0 1/4 0.076(35) 
Li2(96h) 0.35(1) 0.099(1) 0.190(1) 0.424(1) 0.005(2) 
Ga(24d) 0.1 3/8 0 1/4 0.076(35) 
La(24c) 0.967 1/8 0 1/4 0.006(1) 
Rb(24c) 0.033 1/8 0 1/4 0.006(1) 
Zr(16a) 1 0 0 0 0.006(1) 




Table 2 Relative density, total conductivity, activation energy and electronic 
conductivity of Li6.10+2yGa0.30La3-yRbyZr2O12 at 25 °C 
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]   
0.00 96.3 1.12 0.25 4.6 
0.05 94.6 1.62 0.26 3.9 
0.10 95.1 1.53 0.26 2.6 
0.15 95.7 1.04 0.28 4.4 





Table 3 Literature review of the garnet-type electrolytes with Li-ion conductivities higher than 1 mS cm
-1
, and the properties of all-solid-state 
Li-ion batteries based on the garnet-type electrolytes 





Conductivity  (RT) 
[mS cm-1] 
     Material 
 












Li6.20Ga0.30La2.95Rb0.05Zr2O12 Normal sintering 1.62 
 
LiFePO4 Slurry coating 
 
110 mAh g-1 20 8.5 mA g-1 60 This work 




    29 
Li6.4Ga0.2La3Zr2O12 Normal sintering 1.32  -- --  -- -- -- -- 44  
Li6.55Ga0.15La3Zr2O12 O2 Sintering 1.3  -- --  -- -- -- -- 26  
Li6.4La3Zr1.4Ta0.6O12 Normal sintering ~1  -- --  -- -- -- -- 19 
Li7-xLa3Zr1.5Ta0.5O12 SPS 
b) 1.35  -- --  - -- -- -- 43  
Li6.25Al0.25La3Zr2O12 Normal sintering 0.5  Li4Ti5O12 Slurry coating  15 mAh g
-1 3 2 mA g-1 95 48  
Li6.75La3Zr1.75Ta0.25O12 Normal sintering ~1  LiCoO2 Slurry coating and sintering  100  1 5 RT 49  
Li6.4La3Zr1.4Ta0.6O12 Hot Pressing 1.6  LiFePO4 Slurry coating  140 mAh g
-1 100 8.5 mA g-1 60 36  
Li6.8La2.95Ca0.05Zr1.75Nb0.25O12 Normal sintering 0.36  LiCoO2 Cosintering  78 mAh g
-1 1 10-3 mA g-1  50  





80 mAh g-1 25 10  RT 51  
1.2 wt% Al-doped LLZO Normal sintering 0.2  LiMn2O4 PLD
 a)  1.2-1.8 3 1 -- 52  
Nb-doped LLZO Normal sintering --  LiCoO2 Slurry coating and sintering 
 85 mAh g-1 5 10 RT 53  
Al-doped LLZO Normal sintering 0.2-0.4  TiS4 PLD
 a)  500 mAh g-1 15 10 RT 54  
a)
 PLD: pulse laser deposition; 
b) 






Figure 1. (a) Preparation process for cubic Li6.10+2yGa0.30La3-yRbyZr2O12 garnet-type 
solid electrolytes, (b) optical image of a Li6.10+2yGa0.30La3-yRbyZr2O12 pellet, (c) crystal 
structure of cubic Li6.10+2yGa0.30La3-yRbyZr2O12 displayed along the [100] direction, (d) 
schematic of the bottleneck in Li-ion migration pathway, where a larger Li-ion 
diffusion pathway would be expected with Rb at La sites, and (e) schematic of the two 








Figure 2. (a) XRD patterns of Li6.10+2yGa0.30La3-yRbyZr2O12 samples, (b) and (c) 







Figure 3. SEM images of Li6.10+2yGa0.30La3-yRbyZr2O12 samples (top), and EDS 
element mapping of the region highlighted by the red square in the 





Figure 4. AC impedance spectra of (a) Li6.10+2yGa0.30La3-yRbyZr2O12 samples at 25 °C, 
(b) Li6.20Ga0.30La2.95Rb0.05Zr2O12 sample at different temperatures. Insets in (a) and (b) 
are the high frequency region of the impedance spectra and the equivalent circuits 





Figure 5. (a, b) Frequency dependence of M″ and (c) Arrhenius plots of fmax for 





Figure 6. (a) DC cycling performance of the Li/Li6.20Ga0.30La2.95Rb0.05Zr2O12/Li 
battery at a current density of 5 μA cm
-2
 at 60 °C. The inset shows a schematic of the 
battery. (b) Schematic view of the all-solid-state battery constructed from the 
Li6.20Ga0.30La2.95Rb0.05Zr2O12 electrolyte, Li anode and LiFePO4 cathode, with the 
addition of Li(CF3SO2)2N (LiTFSI) electrolytic salt in the cathode. (c) Cell potential 
versus time and discharge capacity of the all-solid-state battery during galvanostatic 
charge/discharge cycling at 0.05 C at 60 °C, and (d) AC impedance spectra of the 
all-solid-state battery with and without LiTFSI electrolytic salt in the electrode. The 
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